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Description

[0001] The present description concerns the technical field of vehicle drive assistance software, and in particular
relates to a data processing method for synthesizing in real time customized traffic information.

[0002] Various IT tools and methods, which allow a user to obtain real-time information about traffic, practicability and
route to be followed to reach a desired destination, are currently known and widespread.

[0003] Although widely used, current IT tools and methods do not allow to provide a user with particularly concise and
intelligible information on practicability, traffic, possible routes or, in general, on any factors which may influence the
drive or choice of the path to follow. Furthermore, current IT tools and methods do not allow customization possibilities
or allow relatively limited customization possibilities, where synthesis is delegated to the user, also requiring interaction.
[0004] The need istherefore feltforan IT tool and method autonomously offering animmediately intelligible customized
synthesis, in good time for the drive and route choices, while at least partially overcoming the drawbacks and limitations
of the IT tools described above with reference to the background art.

[0005] US 2016/153787 A1 discloses methods and systems for dividing a road network, so as to generate an aggre-
gated node.

[0006] It is the object of the present description to provide a data processing method which is capable of meeting the
abovementioned need.

[0007] Such an object is achieved by a data processing method for synthesizing in real time customized traffic infor-
mation as generally defined in claim 1. Preferred and advantageous embodiments of the aforesaid data processing
method are defined in the appended dependent claims.

[0008] Theinvention will be better understood from the following detailed description of particular embodiments thereof,
given by way non-limiting example, with reference to the accompanying drawings, in which:

- Figure 1 shows a schematic flow chart of an embodiment of a data processing method for synthesizing in real time
customized traffic information; and
- Figure 2 shows an example of a routes graph which can be obtained by the data processing method in Figure 1.

[0009] With reference to the accompanying drawings, embodiments of a data processing method 100 for synthesizing
in real time customized traffic information will be described below.

[0010] In the embodiments which will be described below, such a data processing method 100 allows, in particular,
to provide a user with concise and customized traffic newscast, for example by means of an operation of speech
synthesizing a selected number of traffic news. In any case, the aforesaid data processing method 100 may be defined
as a data processing method for the production of a traffic newscast, or more simply as a method for the production of
a traffic newscast.

[0011] The data processing method 100 described below allows to synthesize in real time customized traffic information
for a user who wants to reach a destination position from a departure position.

[0012] Thedata processing method 100 comprises a series of steps which will be described below mainly with reference
to Figure 1. Such steps may be performed in the sequence shown in Figure 1, but this does not limit the data processing
method 100 to such a specific sequence, since alternative sequences may be provided, which still ensure a correct
operation of the data processing method 100. Where, instead, there are some advantageous or convenient aspects in
the order of the steps, this will be specified in the course of the following description.

[0013] The aforesaid data processing method 100 may, for example, be performed by a distributed hardware and
software system comprising a client data processing device (in brief, "client"), such as, for example, a smartphone,
supplied to a user, and at least one data processing server (in brief, "server"), to which the smartphone is operatively
connected, for example by means of a wireless data connection. In a further embodiment, the client may comprise
dedicated hardware provided on board a vehicle, alternatively or in addition to the smartphone.

[0014] The server comprises or is operatively connected to one or more computer databases, primarily employable
as data sources for the data processing method 100.

[0015] With reference to Figure 1, the data processing method 100 preferably comprises a step of establishing 101 a
departure position. For example, the step of establishing 101 the departure position comprises an operation of automat-
ically detecting the departure position by means of a satellite positioning system, for example provided on board the
client. Alternatively, the departure position may be a position entered, for example typed or vocally dictated, by a user.
The departure position may be a specific location, for example indicated by a toponym, an address, a street, or indicated
by coordinates in a geo-referenced positioning system, or a specific address, or a previously entered mnemonic identifier
(for example "home", or "work", or "gym"), etc..

[0016] The data processing method 100 preferably comprises a step of establishing 102 at least one destination
position. For example, the step of establishing 102 the destination position comprises an operation of automatically
estimating the destination position or of determining it by selecting it, for example, from a list of destination positions



10

15

20

25

30

35

40

45

50

55

EP 3 488 185 B1

marked as preferred by the user or automatically identified as preferred or habitual for the user, possibly also in relation
to the departure position. Alternatively, the destination position may be a position entered, for example typed or vocally
dictated, by a user. The destination position may also be a specific location, for example indicated by a toponym, an
address, a street, or indicated by coordinates in a geo-referenced positioning system, or a specific address, or a previously
entered mnemonic identifier (for example "home", or "work", or "gym"). The destination position may also be a position
(such as, for example, an intermediate position) identifying a possible movement direction (for example, "towards the
district Name_District" or "towards the sea" or "towards the ring road" or "towards the south" etc.).

[0017] In accordance with an embodiment, during the establishing step 102, a plurality of destination positions is
established, and the steps of the data processing method 100, which will be described below, may be performed for
each of said destination positions.

[0018] The data processing method 100 further comprises a step 103 of obtaining data which define a topological
graph G, i.e., data suitable for defining said graph G. The topological graph G is an oriented graph containing information
on the connection between segments of a road network. It comprises nodes which represent points of connection
between two adjacent segments and arcs which connect nodes and which correspond to road or carriageway segments.
[0019] The step 103 of obtaining the topological graph G is preferably performed off-line, for example once for all
before performing the steps 101 and 102 described above; however, it is possible to provide that such a step 103 is
performed periodically, to update the topological graph G previously obtained.

[0020] The topological graph G (i.e., the set of data defining it) is for example obtained from one or more graphs of
the road network. Such graphs of the road network are, for example, taken from commercial or public cartographic
databases or by means of ETL (Extract, Transform, Load) procedures.

[0021] In accordance with an advantageous embodiment, the step of obtaining the topological graph G comprises a
step of noting the arcs of the topological graph G with the information belonging to the following list, taken individually
or as a whole or according to all possible combinations:

* Toponyms -available both as plain text and expressed in a phonetic alphabet (IPA, SAMPA, etc.), useful forimproving
pronunciation in the case of speech synthesis;

* Administrative areas (cities, provinces, etc.) to which the road belongs;

* Functional Road Class (FRC), i.e., a standard classification based on the relevance of the road to which the arcs
belong;

* FormofWay (FOW),i.e., a standard classification based on the physical features of the road to which the arcs belong;

e Length of the arcs;

¢ Transit times required to travel them;

* Transit restrictions (one-way roads, temporary closures, etc.) and related time slots.

[0022] Inthe remainder of the present description, the elements of the topological graph G will be identified as follows:

- N;indicates the i-th node;
- E,-/- indicates the arc from the node i to the node j;
|E;ll indicates the length of the arc from the node i to the node j.

[0023] Opening now a parenthesis with respect to the partial description of the data processing method 100 provided
above with reference to Figure 1, further data structures, quantities and information will be described below, preferably
employed by the data processing method 100 separately or in combination with one another.

Geometric graph

[0024] The geometric graph GG contains the detailed geometry of the arcs of the topological graph G. It is preferably
used for reverse-geocoding and of path-inference operations, useful for mapping, to the topological graph G, the routes
of the user or the geo-referenced traffic information as coordinates or in OpenLR standard. Reverse-geocoding means
the operation of tracing back, given the coordinates of one point, the arc or node which is nearer to a graph. Path-
interference means the operation of determining, from a sequence of geometric coordinates, the arc sequence of the
topological graph which corresponds thereto.

Speeds graph
[0025] The average speed data provider uses a speeds graph GV to geo-reference the measurements in real time.

Generally, the arcs of this graph do not coincide with those of the topological graph G and may change over time,
therefore, a mapping operation between the two graphs is required.
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RDS-TMC graph
[0026] The RDS-TMC graph GRis a topological graph which contains information on the main road network of a nation
or of a region, and to which traffic information originating from TICs (Traffic Information Centers) is often referred. Also
in this case, it is generally necessary to perform mapping operations to report the information referred to this graph on

the topological graph G.

Traffic information

[0027] The data processing method 100 preferably employs four types of information on the real-time traffic situation:

* average speeds of vehicles, measured by sensors and/or floating cars;

e quantities which characterize traffic, obtained from the average speeds, such as travel times;
» statistical data on the average speeds;

» ftraffic events, reported by national and/or regional TICs.

Average speeds of vehicles

14
[0028] The average speed data, measured in real time on the arcs i of the graph GV, preferably comprise the

following information:

e atimestamp identifying the time which the measurements correspond to;

14
« anidentifier ~iJ of the arc which the measurements refer to;
14
e the average speed Vij measured on the arc from i to j of the graph GY;
I

o the free-flow speed, i/ on the same arc;
¢ the level of confidence of the measurement C,-/- e [0..1].

[0029] The data are provided by third parties which use, for the acquisition and the update, fixed measurement stations
and/or floating cars.
[0030] In order to easily use the data, they are preferably mapped to the topological graph G, identifying the arc

14
sequence {E,;} which corresponds to an arc of the speeds graph ij-

In the following of the present description, the speeds are understood to be already mapped to the topological graph G:

* V;is the average speed measured on the arc E,-/- e G;

!

. i is the free-flow speed measured on the arc E,-/- e G. Free-flow speed means the speed on a segment of road
measured when the road network is empty.

Other quantities which describe the traffic

[0031] Traffic intensity in an arc is defined from the ratio of the two quantities:

I I
P Vij 1 IE;N Ty 1 T3 0.1
y=l-cp=1-F =g =17 €01
Vv ; ij | ij” ij
where:
* Tjis the travel time of the arc E; at a speed Vj;
S v,
. tJ is the travel time of the arc E,-/- ataspeed Y ! Intensity equal to 1 indicates an almost blocked traffic (V,-/-z 0),
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~Uf
V-j).

Vi ~
intensity equal to zero indicates the absence of traffic ( Y L

The traffic intensity of two consecutive arcs E,; and E;, useful in the clustering step 106 which will be described below,
is obtained as follows:

f f
Ty + T

[.o=1— U
“ Tyi + Tij

Traffic level

[0032] The traffic level s the result of the (uneven) quantization of traffic intensity I,-/-, necessary to qualitatively describe
traffic intensity. The number and the value of the thresholds used for the quantization vary according to the style of the
information to be supplied to the user by means of the newscast produced by the data processing method 100. An

example is listed in the following table:

Intensity Level Qualitative description

0<1;<0.6 0 Absence of traffic
0.6< I,-/-< 08 1 Heavy traffic

0.8< I,-/-< 09 2 Slow moving traffic
09< ;<1 3 Queues

i <
Delay
[0033] Delay is a quantity used to determine the severity of a traffic event more completely than how it is possible with

intensity alone. It is defined as the difference between the time a vehicle employs to travel a portion of the graph and
the time which would be required under free-flow conditions:

V) =V
Dy = |Eyl-L—F € 0..00
Ve v/
g Vi
In percentage terms, on a subset P of the graph GF:

ph=—"Y
tJ
Yijep Dij
Both quantities are used to determine how severe a slowdown is, both in absolute terms (Dj) and in relative terms
P
(DU) 14

useful for the ranking step.

Statistical traffic data

[0034] Real-time average speed data form the basis for calculating statistical data used to represent the typical traffic
situation:

* the expected value of the average speed on each arc of the graph G:

* the variance of the average speed:
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o = E[(Vij — Vij)?]

both data are calculated on a sufficiently wide time frame (for example, equal to two weeks) and for different time
slots and days of the week.

Traffic events

[0035] Traffic events means accidental circumstances (e.g., accidents, landslides, breakdowns, etc.) or interventions
by road network operators (e.g., carriageway exchanges, works, closures) which influence the flow of vehicular traffic.
[0036] They preferably consist of discrete information such as:

e acode identifying the type of event (such as, for example, an accident);
e any attributes specifying the details thereof;

* the geo-referencing of the event, describing the position thereof;

* a severity level established by the supplier;

[0037] In the data processing method 100, the events published by the main national and regional TICs, which are
used to enrich the information provided to the user by means of the newscast produced by the data processing method
100, are preferably received and analyzed.

Generally, events are geo-referenced on a specific graph GE of the TIC from which the information originates from or
on a standard graph (e.g., RDS-TMC). Preferably, the information is mapped to the arcs of the topological graph G as
follows:

» forlinear events, geo-referenced as a sequence of coordinates, a path inference operation is used to map the arcs
of the graph GE to those of the graph G;

» for isolated events, a circular area of influence is defined, with radius p, around the coordinates of the event, and
the arcs of G are selected, the geometry of which intersects the area of influence. The radius is defined according
to different parameters:

- the style of the newscast;
- the FRC of the road closest to the point;
- the FOW of the road closest to the point;

» for events geo-referenced as area A (for example Limited Traffic Areas - ZTLs), the arcs of G are selected, the
geometry of which is, at least partially, contained in A.

Weather data and events

[0038] Weather data consist of both measurements (temperature, humidity, etc.) and events (heavy snowfall, rains,
etc.), provided by third parties and updated several times throughout the day.

[0039] Weather data are, for obvious reasons, always geo-referenced on an area. They are mapped to the topological
graph G similarly to how it is described above.

[0040] The data processing method 100 preferably allows to automatically produce weather events from the following
raw data provided by the weather services:

e temperature;
e type and intensity of precipitation;
e wind;

when these exceed threshold values.
[0041] Weatherevents are always geo-referenced in an area, therefore the area of influence thereof is defined similarly
to that of traffic events.

User data

[0042] In accordance with a preferred embodiment, the data processing method 100 acquires, in a completely anon-
ymous manner, the spatial coordinates of the vehicle on which the user is located during his/her journey, for example
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by acquiring the position of the client.

[0043] The data acquired are used both to improve the service and for the user him/herself, as well as for all users
who have similar features.

Preferably, the data processing method 100 comprises a step of calculating some additional data, such as:

e user destinations, by time slot and day of the week;
* routes traveled by the user to reach a destination, divided by time slot and day of the week.

[0044] The aforesaid data are advantageously used by the data processing method 100 to improve the information
content of the newscast.

Format of the newscast

[0045] In accordance with an advantageous embodiment, the data processing method 100 allows to customize and
diversify the user experience by defining a format for the newscast, which consists of the set of parameters which drive
the composition thereof and the meaning of which will be detailed with reference to steps 106 to 108, described below:

* N, maximum number of news items in the newscast;

* Ny maximum number of events groupable by toponym;

* D,:distance from the departure point within which the events are taken into account;

e O minimum travel time for the segments of the routes graph G?;

e @p: minimum delay time for the segments of the routes graph GP;

*  Og threshold of the percentage difference of the arrival time of two routes;

* O, threshold of the length difference of the routes;

* Az minimum level of traffic to be taken into account;

*  Og: event severity threshold;

*  4;: maximum difference allowed between the maximum traffic level of a set of arcs and the overall arc traffic level
during the clustering step 106 which will be described below;

and of other elements such as:

* the dictionary used for generating the language, containing the sentences used to describe the events;
» the criteria for sorting out the information to be presented to the user;
e atemplate describing the various elements in the newscast.

[0046] With reference again to Figure 1, the further steps of the data processing method 100 will be described below.
[0047] The data processing method 100 comprises a step 104 of generating data which define a routes graph GP, the
routes graph GF being a subset of the topological graph G, having a departure node 10 associated with the departure
position, a destination node 20 associated with the destination position, intermediate nodes 11-13 between the departure
node 10 and the destination node 20, arcs 1-5 which connect the nodes 10,20, 11-13 of the routes graph GF to one
another. An example of routes graph is shown in Figure 2.

[0048] The aforesaid step of generating 104 the routes graph GF comprises an operation of identifying on the topological
graph G a plurality of alternative routes which extend from the departure node to the destination node of the routes graph
passing through intermediate nodes and arcs of the routes graph GF.

[0049] The routes graph GF is generated by the data processing method 100 as a subset of the topological graph G
consisting of the arcs belonging to at least one of the routes P; which the user may choose for reaching the destination
position:

GP:UiPiCG.

[0050] The alternative routes composing the routes graph GF are, for example, identified by performing calculations
with optimization algorithms whose cost functions are defined for different objectives, with the aim of reflecting the user’s
needs and habits.

[0051] Preferably, the aforesaid alternative routes comprise at least one main route, which is the fastest one, from the
departure node 10 to the destination node 20, obtained by using real-time travel times T,-/- as a cost. More preferably,
the main routes are three and are obtained as described above. In figure 2, the three main routes are the routes:
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- 111
- 1-2-2-2;
- 1-2-3-3-2.

[0052] Preferably, the aforesaid alternative routes comprise at least one of the three additional routes, more preferably
all three, listed below:

1. the fastest typical route 1-4-4, obtained by using the average travel times for the day of the week and the time
slot in which the request is made

|
Tij = —=

2.theroute habitually preferred by the user, using a cost function which favors the roads habitually traveled by the user;
3. the fastest route with the empty road network 1-5-4, i.e., the route which is the fastest, taking into account only

f

) T/ ..
free-flow travel times ~ 1/

[0053] In the data processing method 100 it is preferably assumed that the most relevant routes for the user are the
main ones, which are described in the newscast with the greatest possible level of detail. The additional routes are used
for exceptions, i.e., only if traffic anomalies are reported therein, such as to discourage the adoption thereof.

[0054] For example, under normal conditions, the typical route coincides with one of the fastest ones and it is very
likely that the user will use it, especially if he/she is a commuter. In exceptional circumstances, determined by severe
anomalies, the typical route may not be among the fastest; however, it is necessary to inform the user about the reasons
why choosing the typical route is not appropriate.

[0055] The routes graph GF generated in step 104 preferably has a structure (for example, similar to that in figure 2),
having different types of nodes:

e terminal nodes, i.e., the departure 10 and arrival 20 ones;

e decision nodes 11, from which two or more possible routes branch off;

e joining nodes 12, into which two or more routes converge

* internal nodes 15, which delimit the original arcs of the topological graph G and are partly eliminated during the
clustering step 106.

Some of the nodes of the routes graph GP, for example node 13, may be both decision nodes and joining nodes at the
same time.

[0056] The arc sequences of the routes graph GF between two non-internal nodes are called segments Sj- They are
road segments which the user will travel in full and therefore constitute the basic units for the description of the traffic
in the newscast.

[0057] With reference again to Figure 1, the data processing method 100 further comprises a step of noting 105 traffic
and/or weather data on the routes graph so as obtain an annotated routes graph. In addition to the traffic and/or weather
data, in accordance with a non-limiting embodiment, during the noting step 105 also toponymic data are noted.

[0058] Preferably, the noting step 105 comprises an operation of associating, with the arcs of the routes graph GP,
the weather and traffic data traffic provided as input to the data processing method 100, summarized below:

- real-time traffic data;

-  statistical traffic data;

- traffic events affecting the arc;

- weather information of the areas in which the arcs are.

[0059] The information is associated with all the arcs of the routes graph GP in the area of influence of each event.
[0060] It has been observed that the information associated with the arcs of the annotated routes graph is still too
detailed to be useful while driving.

[0061] The amount of information present in the annotated routes graph is determined by the variations in the data
associated with the arcs of the graph along the positive direction (i.e., the direction of travel from the departure node to
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the destination node) of the segments of the graph GP. Said variations are due, for example, to:

- change of toponym;

- change in traffic level;

- start/end of a traffic event;

- start/end of a weather event;

- start/end of an RDS-TMC node.

[0062] Due to the mode in which the annotated routes graph is generated, such variations may occur only at a node
belonging thereto.

[0063] Due to the aforesaid reasons, the data processing method 100 further comprises a step 106 of processing the
annotated routes graph, so as to obtain a simplified routes graph reducing the number of intermediate nodes of the
annotated routes graph by defining aggregate segments as sequences of arcs of a same alternative route which meet
one or more homogeneity criteria of the traffic and/or weather data. This step 106 may be defined as a clustering step
106. In accordance with an advantageous and non-limiting embodiment, the homogeneity criteria also relate to the
toponymic data.

[0064] The clustering step 106 merges the arcs composing the segments belonging to the annotated routes graph
which share an internal node, so as to generate aggregated segments, and with the object of reducing the variations,
minimizing the amount of information lost. Preferably, decision and joining nodes are not modified during the clustering
step 106.

[0065] The clustering step 106 preferably comprises the following three sub-steps:

- grouping the homogeneous arcs by traffic level;
- grouping the arcs with non-homogeneous traffic information;

- eliminating the arcs which are traffic-free.

Said E; and Ej two consecutive arcs, separated by the node j, the clustering step 106 allows to eliminate the node jand
to replace the two arcs with a single arc E; with the following features:

WEull = lE; || + [|Ej |l

T = Tij + T

f
T/ + T}

g =1~

Furthermore, the following information is preferably associated with the arc Ej:
¢ the union of the lists of traffic events associated with E,-/- and E/-k;
* the union of the lists of weather events associated with E,-/- and E/-k;

*  the union of the lists of traffic toponyms associated with Ej; and E,.

[0066] Advantageousembodiments of the three abovementioned sub-steps of the clustering step 106 will be described
below.

Grouping the homogeneous arcs by traffic level

[0067] The first sub-step of the clustering step 106 provides, so as to define aggregate segments, for the grouping of
the arcs with similar traffic features, such as:

1. arcs for which measurements or traffic events are not available; and/or
2. arcs with homogeneous traffic level.
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Grouping the arcs with non-homogeneous traffic information

[0068] The grouping of the arcs with inhomogeneous traffic information, performed during the second sub-step of the
clustering step 106, is preferably based on the iterative algorithm described below:

a) the arc E,-/- with the shortest non-zero delay time D,-/- > 0 is selected;

b) the two arcs Ey; on the left and Ej on the right of E;; with their respective delays D,; and D are considered;

c) the arc with the shortest non-zero delay time between E; and Ej is selected;

d) assuming, without loss of generality, that E,; is the selected arc, Ej; and E;; may be grouped together if at least
one of the following conditions occurs:

- the sum of the delays thereof is less than a threshold Dy; + D;; < &p;
- the overall traffic level ij, corresponding to the overall traffic intensity Ik/- calculated with the equation

f f
Ty + T

[.o=1— U
“ Tyi + Tij

satisfies the condition:
ij = max(Lki, LU) — AL

e) if the two arcs may be grouped, a new arc E,; is generated, replacing £,; and E.

[0069] The iterative cycle of the abovementioned algorithm preferably ends when there are no more arcs which may
be grouped to define an aggregate segment or when the iterations performed have reached a selected threshold number.

Eliminating the arcs which are traffic-free

[0070] Atthe end of the second sub-step of the clustering step 106, the segments of the resulting routes graph consist
of relatively homogeneous traffic areas interspersed with others without traffic or information.

[0071] The third sub-step of the clustering step 106 allows to eliminate some of the latter and thus to merge two
adjacent traffic areas.

[0072] Preferably, the algorithm used is, once again, iterative and comprises the following operations:

a) the arc Ej; without traffic, with the shortest travel time (this information is present in the base graph G) is selected;
b) the arc preceding Ej,; and that following E;, are considered;
c) the three arcs are grouped together if the travel time T, of the overall arc E satisfies the relation

The £ 6p

where the travel time T, of the overall arc Ej is conveniently calculated as follows:

IE

Thie =Thi +2 A L

[0073] In accordance with a particularly advantageous embodiment, after the clustering step 106, the data processing
method 100 comprises a step 107 of further simplifying the simplified routes graph. If the simplified routes graph comprises
decision nodes and/or joining nodes and/or alternative routes, the aforesaid step of further simplifying 107 the simplified
routes graph comprises one or more of the three sub-steps of the following list:

* simplifying the alternative routes (for example, simplifying the additional routes);

* eliminating an alternative route (for example, eliminating one of the faster routes, in case there are more than one);
* merging decision nodes and/or joining nodes.

10
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[0074] In case the aforesaid step of further simplifying 107 the simplified routes graph comprises two or more of the
three preceding sub-steps, all combinations of two or three sub-steps of the abovementioned list are possible.

[0075] Advantageous embodiments of the three abovementioned sub-steps of step 107 will be described below.

Simplifying additional routes

[0076] As mentioned above, the additional routes are used for exceptions, i.e., to warn the user about severe events
which discourage the adoption thereof. For this reason, it is often possible to eliminate some segments belonging thereto
without decreasing the amount of information present in the newscast.

[0077] Preferably, the segments S; of the additional routes are eliminated from the routes graph as it results from the
clustering step 106 if one or more of the following conditions occur:

* the travel time of the segment is shorter than a threshold, i.e., if

T,= ) Tu<6s
k,lESij

* there are no traffic events considered severe associated with the arcs composing S,]-;
* the overall delay of the segment is lesser than a selected threshold:

Eliminating one of the faster routes

[0078] As explained above, in accordance with an embodiment, it is possible to identify on the routes graph GF a
plurality of faster routes. In many cases, one of the faster routes is redundant, because it differs slightly, in terms of
arrival times, from the other two, or is not very different. In this case, itis better to eliminate it, so as to simplify the newscast.
[0079] Preferably, the elimination algorithm performed in the second sub-step of step 107 comprises the following
operations:

a) the main routes are sorted out by increasing arrival time P;i = 1..3;
b) P5 is considered, which is compared to others and eliminated if at least one of the following conditions occurs:

- thearrivaltime Tp, thereof differs in percentage from that of one of the other T, for a value lower than a threshold:

Tp
1 - T_3 < QE
Py
- the ratio of the length of the uncommon parts with the length of the common ones is greater than a selected
threshold:
12N Psl 56
L
1P UPsl

- there are no traffic events of severity greater than a threshold @ and the delay on the arcs not covered by
other routes does not exceed a selected threshold:

DPiD = z Dkl < QD

klePi—U;xiP;j
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c) the same procedure is repeated for Py;

Merging decision and/or joining nodes

[0080] Sometimes, the decision and joining nodes are so close that the presence thereof does not add relevant
information and complicates the narration of the newscast.

[0081] To avoid this drawback, in the third sub-step of step 107 two decision and/or joining nodes N,-,N/- € GP united
by a segment S, are merged if the travel time of Sy, Tg, is shorter than a selected threshold &g.

[0082] Withreference againto Figure 1,inaccordance with an advantageous embodiment, the data processing method
100, after the clustering step 106, and after the possible further simplifying step 107, comprises a step of generating a
text 108 of the newscast in natural language.

[0083] Such a text is generated from the routes graph as it results from the simplification performed in the clustering
step 106 and in the possible further simplification performed in step 107. Such a graph will henceforth be defined, for
brevity, simplified routes graph GS.

[0084] With regard to the structure of the newscast whose text is generated in step 108, in accordance with an
embodiment, this is preferably made according to a template selected from a plurality of possible templates on the basis
of the following features:

* the algorithm for sorting out the sequence of news items associated with the segments of the routes graph;

* the criteria for grouping the description of similar and/or adjacent events;

* the modes for describing events on typical and habitual routes;

» the dictionary used for the description of the events, i.e., the sentences describing the events and the grammatical
constructs used to join them in a meaningful speech.

[0085] Preferably, the choice of the template is made on the basis of one or more parameters chosen from those listed
below:

* the structure of the routes graph, for example according to the number of decision nodes and according to the
features of the arcs;

» user preferences, for example, the length of the newscast and the style;

* the presence of particularly severe anomalies on the routes.

For example, the sections constituting the templates are:

* the introduction, dedicated to greetings and any sponsors;
* the general description of the traffic situation and of the expected short-term evolution;
¢ the description of the main routes and of the arrival times;

* the description of traffic anomalies (events and congestions) along each of the main routes;

» the description of traffic anomalies on the typical route and on the route preferred by the user;

» the description of any situations of particular severity or relevance, for example messages from the civil protection
authorities;

e the conclusion.

[0086] The newscast structure sections may be sorted out in any way and not all sections are always present.
[0087] In accordance with an advantageous embodiment, the step of generating 108 the language of the newscast
comprises one or more of the sub-steps listed below:

1. Creating the sequence of news items;
2. Clustering and ranking news items;
3. Generating the sentences in the desired language.

[0088] In relation to sub-step 1, it should be noted that the order in which the events are presented in the newscast
affects the comprehensibility thereof for the end user. Itis possible to provide different criteria for sorting out the sequence
of news items which, for example, are selected according to the style of the newscast. For example, it is possible to
provide the sorting criteria listed below:

e sorting based on routes;
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* sorting based on distance;
e sorting based on the severity of the event.

For example, if the sequence sorting is based on routes, the procedure is as follows:

1. The segments of the fastest route are described;

2. the segments of the second and of the third fastest routes, which have not yet been described, are described;
3. the segments of the typical route, which have not yet been described, are described;

4. the segments of the user’s route, which have not yet been described, are described.

[0089] An alternative approach is to follow a sorting criterion based on distance, i.e., to describe the segments in
increasing order of distance from the departure node. If two segments have the same distance, they are described in
order of route: those belonging to the fastest route are described first.

[0090] Finally, the segments may be described in the order dictated by the severity of the event, defined as follows:

e the maximum delay on the segment, due to congestion;
* the severity set by the operator for traffic and weather events.

[0091] With regard to the sub-step 2 of the step of generating the language of the newscast 108, the following should
be noted. The traffic newscast preferably has a maximum number of news items N, set a priori, so as to constrain the
length thereof within acceptable limits even during peak hours. N, is an integer greater than or equal to 1.

[0092] It is therefore appropriate to eliminate or group events to remain within the event limit N,.. This is preferably
performed in the sub-step 2 of ranking and clustering traffic events, comprising, in fact, an operation of ranking and/or
an operation of clustering the traffic events.

[0093] The ranking operation consists in assigning, to each news item in the simplified routes graph GF, a numerical
coefficient proportional to the relative relevance of the traffic information in the newscast. The function calculating the
ranking accepts an input vector containing the annotated arcs composing the news item, and generates a real number.
[0094] The function may vary according to the style and on the type of the newscast. An example of ranking function
for congestions is as follows:

D,

14

max;Dp,

14

where Dg; is the delay caused by the event E; and Dp, is the overall delay on the route P;.
[0095] An example of ranking function for events is as follows:

R, = wg -2~
X

where Gg;, is the severity of the event E; and G, is the maximum value which the severity of an event may take.

[0096] The coefficients wy and wy depend on the distance of the event from the departure point and serve to give a
higher ranking to the events closer to the user.

[0097] With regard to the operation of grouping traffic events, this may be performed by means of two criteria:

- grouping traffic events based on the toponym;
- grouping traffic events based on the type of event.

The two abovementioned criteria may be adopted individually or in combination with each other.

[0098] In the grouping based on the toponym, traffic events which are on the same toponym and on the same segment
are grouped up to a maximum number of N events.

[0099] The news items to be sorted out are chosen in increasing order of ranking, so that the most relevant events
are grouped less frequently.

[0100] In the grouping based on the type of traffic event, events which are on the same segment and are of the same
type (e.g., congestions, works, etc.) are grouped up to a maximum number of Nt events. The news items to be sorted
out are chosen in increasing order of ranking, so that the most relevant traffic events are grouped less frequently.
[0101] In accordance with a preferred embodiment, if, after the activity of clustering and ranking traffic events, the
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number of events exceeds the value Ny, those in excess may be discarded in increasing order of ranking.

[0102] The data processing method 100 preferably comprises a step of speech synthesizing 109 the newscast from
the text generated in step 108. Such a speech synthesizing step allows to generate sentences in the desired language
(e.g., English or ltalian), which also includes the possible annotation thereof with elements used by a TTS (Text To
Speech) synthesis engine to insert breaks, improve pronunciation and change the intonation of sentences, so as to give
the newscast a more human connotation.

[0103] Preferably, in step 108, templates are used, which contain a skeleton of the translation of each type of news
item, and an expert system based on rules for the management of genders (masculine, feminine and neutral) and
numbers (singular and plural) and for the concatenation of sentences, performed by adding conjunctions and punctuation.
[0104] A critical aspect of generating natural language, performed in step 108, is the verbal description of the geo-
graphical position of the events, which is crucial for the comprehensibility (and hence the usefulness) of the newscast.
[0105] The description of the position of an event consists of three elements:

- the road where the event or congestion occurs;

- the landmarks, i.e., reference points which have a high probability of being known by the user and which identify
the head and the tail of the problem to be reported;

- each road is identified by a toponym, i.e., an official name given by the authority managing the road network and
contained in the topological graph GT.

[0106] During the clustering step 106 it is possible that arcs with different toponyms are grouped; therefore, criteria
become appropriate for choosing the one most adapted to represent the position.

[0107] In accordance with an embodiment, in the step of generating the language of the newscast 108 the following
algorithm is used for the choice of the toponyms:

- arelevance coefficient is calculated for each of the present toponyms, proportional to the FRC and to the length of
the segment characterized by the respective toponym;

- if one of the toponyms has a relevance coefficient much greater than that of the others, then it is used to describe
the road segment;

- otherwise, the two toponyms which have the greatest relevance coefficients are used.

[0108] Figure 3 shows the block diagram of an advantageous and non-limiting embodiment of a computer system 200
by means of which the data processing method 100 described above may be implemented.

[0109] The aforesaid system 200 comprises at least one client 201 and at least one server 230. The client 201 and
the server 230 are operatively connectible to each other by means of a wireless network, for example, a wireless data
network of a mobile telephone network operator. The client 201 is, for example, a smartphone, or a dedicated hardware
and software device, on which an application program is installed, designed to forward service requests to the server
230 and designed to provide a user with customized traffic information.

[0110] The server 230 comprises a front end module 202 configured to receive the service requests sent by the client
201. Such service requests are essentially requests for customized traffic information which are precisely synthesized
by the data processing method 100 described above, but they may also include mere requests for updating the user
profile and/or preferences. In accordance with an embodiment, the requests for customized traffic information comprise,
for example, data identifying the departure location and data identifying the destination location.

[0111] The server 230 preferably comprises an authentication module 203 designed to identify and authenticate the
user from which both types of requests described above originate. Furthermore, such an authentication module 203
may directly fulfill requests for updating the user profile and/or preferences, for example, by updating a user preferences
database 204, included in the server 230 or connected thereto.

[0112] The server 230 comprises a module 205 for generating the routes graph GP to which, upon successful authen-
tication, the requests for customized traffic information are forwarded.

[0113] The routes graph generating module 205 is adapted and configured to obtain, for example, from a graphs
database 300, data defining a topological graph G. As explained above, the topological graph G is an oriented graph
containing information on the connection between segments of a road network and comprises nodes which represent
points of connection between two adjacent segments and arcs which connect nodes and which correspond to road or
carriageway segments. In other words, the module 205 is designed to perform step 104 of the data processing method
100. The static graphs database 300 contains data adapted to define static graphs (such as the topological graph G
and the geometric graph) used by the system 200. For example, such data are acquired by one or more external suppliers
of map data. The module 205 is adapted and configured to access the static graphs database 300.

[0114] The module 205 is also adapted and configured to generate data defining the routes graph GP. As explained
above, the routes graph GP is a subset of the topological graph G, having a departure node 10 associated with the
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departure position, a destination node 20 associated with the destination position, intermediate nodes between the
departure node 10 and the destination node 20, arcs 1-5 which connect the nodes of the routes graph to one another.
To this end, the module 205 is adapted and configured to perform an operation of identifying on the routes graph GP a
plurality of alternative routes which extend from the departure node 10 to the destination node 20 of the routes graph
passing through intermediate nodes and arcs of the routes graph GP. In other words, the module 205 is also essentially
designed to perform step 104 of the data processing method 100. To this end, the module 205 is also such as to obtain
data from the user preferences database 204 and from a further database included in the system 200, in particular, from
the real-time traffic data database 301. The data obtained are preferably data on the average speed on the arcs of the
routes graph GP. For example, such data are acquired by one or more external suppliers of traffic data.

[0115] The server 230 further comprises a module 206 for processing the routes graph GP substantially designed to
perform the operations of the annotation 105, clustering 106 and further simplification 107 steps described above and
therefore to obtain the simplified and annotated routes graph. To this end, the module 206 is such as to receive data
from the module 205 adapted to define the routes graph. To perform the aforesaid steps, the module 206 may obtain
data from the real-time traffic data database 301, from the user preferences database 204 and from two further databases
preferably provided in the system 200:

- The database of speed statistics 208;
- The database of the templates 210 of the traffic newscasts.

[0116] In accordance with an embodiment, the server 230 also comprises a traffic data analysis module 207, which,
from the data obtained from the real-time traffic data database 301, is such as to produce speed statistics data stored
in the database 208.

[0117] The server 230 preferably comprises a module 209 for generating the natural language text of the traffic
newscast adapted to perform step 108, described above, of the data processing method 100. Such a module 209 receives
in input from the module 206 the data adapted to define the simplified and annotated routes graph. Since the newscast
text may depend on the template of the newscast itself, the module 209 may obtain the data contained in the newscast
template database 210.

[0118] Finally, the server 230 preferably comprises a TTS (Text To Speech) module 211 adapted to receive the traffic
newscast text from the module 209 and send the newscast, preferably in the form of an audio stream, to the client 201.
Alternatively, the TTS module 211 may be provided on board the client 201, and in this case it may be the module 209
sending the newscast text to the client 201.

[0119] From the above description, it is possible to understand how the data processing method of the type described
above fully achieves the intended objects.

[0120] In fact, experimental tests have allowed to ascertain that the data processing method described above allows
to synthesize, in real time, intelligible and customized traffic information.

Claims

1. A data processing method (100) for synthesizing in real time customized traffic information for a user who wants to
reach a destination position from a departure position, the data processing method (100) comprising the steps of:

- obtaining (103) data which define a topological graph, said topological graph being an oriented graph containing
information on the connection between segments of a road network, said topological graph comprising nodes
which represent points of connection between two adjacent segments and arcs which connect nodes and which
correspond to road or carriageway segments;

- generating (104) data which define a routes graph (GP), the routes graph (GP) being a subset of the topological
graph, having a departure node (10) associated with the departure position, a destination node (20) associated
with the destination position, intermediate nodes between the departure node (10) and the destination node
(20), arcs (1-5) which connect the nodes of the routes graph to one another, the generating step (104) comprising
an operation of identifying on the routes graph a plurality of alternative routes which extend from the departure
node (10) to the destination node (20) of the routes graph passing through intermediate nodes and arcs of the
routes graph (GP) ;

- noting (105) traffic and/or weather data on the routes graph (GP) and obtaining data adapted to define an
annotated routes graph;

- obtaining (106) data adapted to define a simplified routes graph reducing the number of intermediate nodes
of the annotated routes graph by defining aggregate segments as sequences of arcs of the same alternative
route which meet one or more homogeneity criteria of the traffic and/or weather data.
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A data processing method (100) according to claim 1, wherein said plurality of alternative routes comprises at least
a first route which is the fastest, on the basis of real-time travel data, and at least a second route which is a route
habitually chosen by the user.

A data processing method (100) according to claim 2, wherein said plurality of alternative routes comprises a third
route calculated on the basis of statistical data of typical speed with empty road network.

A data processing method (100) according to claim 3, wherein said third route is the route which is the fastest when
calculated on the basis of statistical data of typical speed with empty road network.

A data processing method (100) according to any one of the preceding claims, wherein said step of obtaining (106)
a simplified routes graph comprises an operation of eliminating arcs which are traffic-free.

A data processing method (100) according to any one of the preceding claims, wherein aggregated segments
comprising adjacent arcs having mutually homogeneous traffic levels are defined in the step of obtaining (106) a
simplified routes graph.

A data processing method (100) according to any one of claims 1-5, wherein aggregated segments comprising
adjacent arcs having mutually heterogeneous traffic levels are defined in the step of obtaining (106) a simplified
routes graph.

Adata processing method (100) according to any one of the preceding claims, further comprising a step of generating
a text (108) of a natural language traffic newscast from the simplified routes graph.

A data processing method (100) according to claim 8, wherein said traffic newscast has a structure made according
to a template selected from a plurality of possible templates.

A data processing method (100) according to claim 9, wherein said template is selected on the basis of one or more
parameters chosen from those listed below:

« structure of the simplified routes graph;
* user’s preferences;
« presence of particularly severe anomalies on the routes.

A data processing method (100) according to any one of claims 8 to 10, further comprising a step of speech
synthesizing (109) the traffic newscast from said text.

A data processing method (100) according to any one of the preceding claims, wherein the step of obtaining (106)
the simplified routes graph is performed by means of at least one iterative algorithm for reducing the number of
intermediate nodes.

A data processing method (100) according to any one of the preceding claims, wherein said routes graph comprises
decision nodes and/or joining nodes and/or alternative routes, and wherein after the simplifying step (106), the data
processing method (100) comprises a step of further simplifying (107) the simplified routes graph comprising one
or more of the three sub-steps of the following list:

« simplifying alternative routes;
« eliminating an alternative route;

* merging decision nodes and/or joining nodes.

A data processing method (100) according to any one of the preceding claims, wherein in the noting step (105)
toponymic data are also noted.

Adata processing method (100) according to claim 14, wherein the homogeneity criteria also relate to toponymic data.

A computer product comprising code portions which can be loaded to the memory of one or more computers and
adapted to carry out a data processing method (100) according to any one of the preceding claims.
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Patentanspriiche

1.

10.

Ein Datenverarbeitungsverfahren (100) zum Synthetisieren kundenspezifischer Verkehrsinformationen in Echtzeit
fur einen Nutzer, der von einer Startposition eine Zielposition erreichen mdchte, wobei das Datenverarbeitungsver-
fahren (100) folgende Schritte aufweist:

Erhalten (103) von Daten, die ein topologisches Diagramm definieren, wobei das topologische Diagramm ein
ausgerichtetes Diagramm ist, das Informationen Giber die Verbindung zwischen Segmenten eines Stralennetzes
enthalt, wobei das topologische Diagramm Knoten, die Verbindungspunkte zwischen zwei benachbarten Seg-
menten darstellen, und Bogen aufweist, die Knoten verbinden und den StralRen- oder Fahrbahnsegmenten
entsprechen;

Erzeugen (104) von Daten, die ein Streckendiagramm (GP) definieren, wobei das Streckendiagramm (GP) ein
Teilsatz des topologischen Diagramms ist, das einen Startknoten (10), der der Startposition zugeordnet ist,
einen Zielknoten (20), der der Zielposition zugeordnet ist, Zwischenknoten zwischen dem Startknoten (10) und
dem Zielknoten (20), Bégen (1-5), die die Knoten des Streckendiagramms miteinander verbinden, aufweist,
wobei der Schritt des Erzeugens (104) einen Vorgang des ldentifizierens einer Mehrzahl alternativer Strecken
auf dem Streckendiagramm aufweist, die sich von dem Startknoten (10) zu dem Zielknoten (20) des Strecken-
diagramms erstrecken, die durch Zwischenknoten und Bogen des Streckendiagramms (GP) verlaufen;
Vermerken (105) von Verkehrs- und/oder Wetterdaten auf dem Streckendiagramm (GP) und Erhalten von Daten,
die angepasst sind, um ein Streckendiagramm mit Erlauterungen zu definieren;

Erhalten (106) von Daten, die angepasst sind, um ein vereinfachtes Streckendiagramm zu definieren, das die
Anzahl von Zwischenknoten des Streckendiagramms mit Erlauterungen reduziert durch Definieren von gesam-
melten Segmenten als Sequenzen von Bbgen der gleichen alternativen Strecke, die ein oder mehrere Homo-
genitatskriterien der Verkehrs- und/oder Wetterdaten erfillen.

Ein Datenverarbeitungsverfahren (100) gemaR Anspruch 1, bei dem die Mehrzahl von alternativen Strecken zu-
mindest eine erste Strecke, die auf der Basis von Echtzeitbewegungsdaten die schnellste ist, und zumindest eine
zweite Strecke aufweist, die eine Strecke ist, die Ublicherweise durch den Nutzer gewahlt wird.

Ein Datenverarbeitungsverfahren (100) gemaR Anspruch 2, bei dem die Mehrzahl von alternativen Strecken eine
dritte Strecke aufweist, die auf der Basis statistischer Daten einer typischen Geschwindigkeit mit einem leeren
StralRennetz berechnet wird.

Ein Datenverarbeitungsverfahren (100) gemaR Anspruch 3, bei dem die dritte Strecke die Strecke ist, welche die
schnellste darstellt, wenn dieselbe auf der Basis statistischer Daten einer typischen Geschwindigkeit mit einem
leeren StralRennetz berechnet wird.

Ein Datenverarbeitungsverfahren (100) gemafR einem der vorhergehenden Anspriiche, bei dem der Schritt des
Erhaltens (106) eines vereinfachten Streckendiagramms einen Vorgang des Eliminierens von Bégen aufweist, die
verkehrsfrei sind.

Ein Datenverarbeitungsverfahren (100) gemafR einem der vorhergehenden Anspriiche, bei dem gesammelte Seg-
mente, die benachbarte Bégen mit zueinander homogenem Verkehrsaufkommen aufweisen, in dem Schritt des
Erhaltens (106) eines vereinfachten Streckendiagramms definiert werden.

Ein Datenverarbeitungsverfahren (100) gemaR einem der Anspriiche 1 bis 5, bei dem gesammelte Segmente, die
benachbarte Bogen mit zueinander heterogenem Verkehrsaufkommen aufweisen, in dem Schritt des Erhaltens
(106) eines vereinfachten Streckendiagramms definiert werden.

Ein Datenverarbeitungsverfahren (100) gemaf einem der vorhergehenden Anspriiche, das ferner einen Schritt des
Erzeugens eines Texts (108) aus einer Verkehrsmeldung in naturlicher Sprache von dem vereinfachten Strecken-

diagramm aufweist.

Ein Datenverarbeitungsverfahren (100) gemafR Anspruch 9, bei dem die Verkehrsmeldung eine Struktur aufweist,
die gemaR einer Vorlage erstellt wird, die aus einer Mehrzahl méglicher Vorlagen ausgewahlt ist.

Ein Datenverarbeitungsverfahren (100) gemafR Anspruch 9, bei dem die Vorlage auf der Basis eines oder mehrerer
Parameter ausgewahlt wird, der/die von den nachfolgend aufgelisteten ausgewahlt wird/werden:
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« Struktur des vereinfachten Streckendiagramms;
* Nutzerpraferenzen;
* Vorliegen besonders schwerer Anomalien auf den Strecken.

Ein Datenverarbeitungsverfahren (100) gemaf einem der Anspriiche 8 bis 10, das ferner einen Schritt der Sprach-
synthese (109) der Verkehrsmeldung von dem Text aufweist.

Ein Datenverarbeitungsverfahren (100) gemafR einem der vorhergehenden Anspriiche, bei dem der Schritt des
Erhaltens (106) des vereinfachten Streckendiagramms durch zumindest einen iterativen Algorithmus zum Redu-
zieren der Anzahl von Zwischenknoten durchgefiihrt wird.

Ein Datenverarbeitungsverfahren (100) gemaR einem der vorhergehenden Anspriiche, bei dem das Streckendia-
gramm Entscheidungsknoten und/oder Verbindungsknoten und/oder alternative Strecken aufweist, und wobei das
Datenverarbeitungsverfahren (100) nach dem Schritt des Vereinfachens (106) einen Schritt des weiteren Verein-
fachens (107) des vereinfachten Streckendiagramms aufweist, das einen oder mehrere der drei Teilschritte der
folgenden Liste aufweist:

» Vereinfachen alternativer Strecken;
» Eliminieren einer alternativen Strecke;
» Mischen von Entscheidungsknoten und/oder Verbindungsknoten.

Ein Datenverarbeitungsverfahren (100) gemaf einem der vorhergehenden Anspriiche, bei dem in dem Schritt des
Vermerkens (105) auch toponymische Daten vermerkt werden.

Ein Datenverarbeitungsverfahren (100) gemafl Anspruch 14, bei dem sich die Homogenitatskriterien auch auf to-
ponymische Daten beziehen.

Ein Computerprodukt, das Codeabschnitte aufweist, die in den Speicher eines oder mehrerer Computer geladen
werden kénnen und angepasst sind, um ein Datenverarbeitungsverfahren (100) gemaf einem der vorhergehenden
Anspriche auszufiihren.

Revendications

1.

2,

Procédé de traitement de données (100) pour synthétiser en temps réel des informations de circulation personna-
lisées pour un utilisateur qui veut atteindre une position de destination a partir d’'une position de départ, le procédé
de traitement de données (100) comprenant les étapes suivantes :

- 'obtention (103) de données qui définissent un graphe topologique, ledit graphe topologique étant un graphe
orienté contenant des informations sur la connexion entre des segments d'un réseau routier, ledit graphe
topologique comprenant des noeuds qui représentent des points de connexion entre deux segments adjacents
et des arcs qui connectent des noeuds et qui correspondent a des segments de route ou chaussée ;

- la génération (104) de données qui définissent un graphe d’itinéraires (GP), le graphe d'itinéraires (GP) étant
un sous-ensemble du graphe topologique, ayant un noeud de départ (10) associé a la position de départ, un
nceud de destination (20) associé a la position de destination, des noeuds intermédiaires entre le noeud de
départ (10) et le noeud de destination (20), des arcs (1-5) qui connectent les noeuds du graphe d’itinéraires
entre eux, I'étape de génération (104) comprenant une opération d’identification sur le graphe d’itinéraires d’'une
pluralité d’itinéraires alternatifs qui s’étendent du noeud de départ (10) au noeud de destination (20) du graphe
d'itinéraires en passant a travers des noeuds intermédiaires et des arcs du graphe d'itinéraires (GP) ;

- 'annotation (105) de données de circulation et/ou météorologiques sur le graphe d'itinéraires (GP) et I'obtention
de données adaptées pour définir un graphe d’itinéraires annoté ;

- 'obtention (106) de données adaptées pour définir un graphe d’itinéraires simplifié réduisant le nombre de
noeuds intermédiaires du graphe d’itinéraires annoté en définissant des segments agrégés comme des sé-
quences d’arcs du méme itinéraire alternatif qui satisfont a un ou plusieurs criteres d’homogénéité des données
de circulation et/ou météorologiques.

Procédé de traitement de données (100) selon la revendication 1, dans lequel ladite pluralité d’itinéraires alternatifs
comprend au moins un premier itinéraire qui est le plus rapide, sur la base de données de voyage en temps réel,
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et au moins un deuxiéme itinéraire qui est un itinéraire habituellement choisi par I'utilisateur.

Procédé de traitement de données (100) selon la revendication 2, dans lequel ladite pluralité d’itinéraires alternatifs
comprend au moins un troisieme itinéraire calculé sur la base de données statistiques de vitesse typique avec un
réseau routier vide.

Procédé de traitement de données (100) selon la revendication 3, dans lequel ledit troisieme itinéraire est l'itinéraire
qui est le plus rapide quand il est calculé sur la base de données statistiques de vitesse typique avec un réseau
routier vide.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, dans lequel ladite
étape d’obtention (106) d’'un graphe d’itinéraires simplifi€ comprend une opération d’élimination d’arcs qui sont sans
circulation.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, dans lequel des
segments agrégés comprenant des arcs adjacents ayant des niveaux de trafic mutuellement homogénes sont définis
dans I'étape d’obtention (106) d’un graphe d’itinéraires simplifié.

Procédé de traitement de données (100) selon I'une quelconque des revendications 1 a 5, dans lequel des segments
agrégés comprenant des arcs adjacents ayant des niveaux de trafic mutuellement hétérogénes sont définis dans
I'étape d’obtention (106) d’'un graphe d’itinéraires simplifié.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, comprenant en
outre une étape de génération d’'un texte (108) d’un bulletin de circulation en langage naturel a partir du graphe
d’itinéraires simplifié.

Procédé de traitement de données (100) selon la revendication 8, dans lequel ledit bulletin de circulation a une
structure réalisée en fonction d’'un modéle sélectionné a partir d’'une pluralité de modéles possibles.

Procédé de traitement de données (100) selon la revendication 9, dans lequel ledit modéle est sélectionné sur la
base d'un ou plusieurs parameétres choisis a partir de ceux énoncés ci-dessous :

- une structure du graphe d'itinéraires simplifié ;
- des préférences d'utilisateur ;
- une présence d’anomalies particulierement graves sur les itinéraires.

Procédé de traitement de données (100) selon I'une quelconque des revendications 8 a 10, comprenant en outre
une étape de synthése vocale (109) du bulletin de circulation a partir dudit texte.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, dans lequel I'étape
d’obtention (106) du graphe d’itinéraires simplifié est effectuée au moyen d’au moins un algorithme itératif pour
réduire le nombre de noeuds intermédiaires.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, dans lequel ledit
graphe d’itinéraires comprend des noeuds de décision et/ou des noeuds d’association et/ou des itinéraires alternatifs,
et dans lequel, apres I'étape de simplification (106), le procédé de traitement de données (100) comprend une étape
d’autre simplification (107) du graphe d'itinéraires simplifi€ comprenant une ou plus des trois sous-étapes de la liste
suivante :

- la simplification d'itinéraires alternatifs ;
- I'élimination d’'un itinéraire alternatif ;

- la fusion de noeuds de décision et/ou de noeuds d’association.

Procédé de traitement de données (100) selon I'une quelconque des revendications précédentes, dans lequel, dans
I'étape d’annotation (105), des données toponymiques sont également annotées.

Procédé de traitement de données (100) selon larevendication 14, dans lequel les critéres d’homogénéité concernent
également des données toponymiques.
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16. Produit informatique comprenant des portions de code qui peuvent étre chargées dans la mémoire d’un ou plusieurs
ordinateurs et adaptées pour exécuter un procédé de traitement de données (100) selon l'une quelconque des
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revendications précédentes.
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